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构建编码 WSSV 基因组 DNA 随机片段的融合表达质粒 pBT-wssv、pTRG-wssv。





症病毒核衣壳蛋白 VP664 是至今知道的分子量 大的结构蛋白，全长 18,234bp，
预计编码 6,077 个氨基酸。从编码 VP664 基因的两端各选 600 bp，分别命名为
vp664n、vp664c。分别将 vp664n、 vp664c 克隆到 pET-His 表达载体，以 E. coli 
XL1-Blue 为宿主菌，成功表达、纯化了目的蛋白并制备抗体。Western blot 实验
中蛋白特异抗体只与完整的病毒和核衣壳裂解蛋白中的 VP664 反应，而不和膜
蛋白反应，证明 VP664 所编码的蛋白在完整病毒颗粒上定位于核衣壳。 
实验中从对虾白斑综合症病毒(WSSV)基因组中克隆到一个基因，它编码一
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Abstract 
 
White spot syndrome virus （WSSV），an enveloped, non-occluded, bacilliform and 
circular dsDNA virus, is one of the major pathogens of shrimp diseases, causing 
considerable mortality in penaeid shrimp. Bacterial two-hybrid system is a newly 
developed method for studying protein-protein interaction. We used BacterioMatch 
two-hybrid system (Stratagene) to study the interaction of WSSV protein. First, the 
random segments (about 1 kb) of WSSV genome were inserted into the plasmids pBT 
and pTRG to construct recombinant plasmids pBT-wssv and pTRG-wssv respectively. 
Then these two plasmids were co-transformed into the competent bacteria XL1-Blue 
MRF’. And a reporter gene had been embedded into this strain. Therefore, we used 
LB-TCK agar plate to screen the WSSV protein in order to find the interaction of 
them. In current research we had constructed the WSSV gene group bacterial 
two-hybrid system, which had been used to screen the WSSV genome to find the 
protein interaction. And we also built a good foundation for this viral functional 
genome research. 
We had previously  reported a simple and effective method to extract and 
purificate the intact viral particles from the tissues of experimentally infected crayfish 
(Procambarus clarkii) with high yield, which provided a good foundation to 
identificate the structure protein. White spot syndromes virus nucleocapsid protein 
VP664 is a hitherto biggest structural protein.The genome is the presence of a giant 
open reading frame (ORF) of 18,234 nucleotids that encodes a long polypeptide of 
6,077 amino acids. Two 600bp were chosen from two terminals of gene that encoded 
VP664 ,and respectively each was given the name vp664n and vp664c. They were 
separate cloned and inserted into pET-his vector, The gene was expressed in E. coli 
BL21 (DE3) and purified by Ni2+-NTA agarose. Then two polyclonal antibodies 
related to these proteins were obtained. These antibodies did only react with the 
proteins of WSSV nucleocapsids and the intact virions in western blot assay, 
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From the White spot syndrome virus (WSSV) genome, we cloned a gene that 
encodes a membrane protein VP41A. Subsequently, we expressed and purified this 
recombinant protein VP41A. By the Pull down experiment using the Ni- agarose bead, 
we found a shrimp protein which can interact with VP41A. Moreover, we 
identificated this shrimp protein by Nano-ESI-MS/MS Ms analysis.. The result 
showed that it may be a kind of cell adhesion protein, It implies that the VP41A 
protein may play an important role in the viral infection process. In this thesis, some 
genes related with viral nucleocapsid proteins or possibly involved in replication and 
transcription of WSSV were identified. This work will facilitate a better 
understanding of the molecular mechanism underlying the viral infection and studying 
some key proteins involved in the replication and transcription of virus. All this will 
finally provide powerful scientific foundations for the efficient diagnosis and control 
of WSSV. 
Key words: White spot syndrome virus; Bacterial two-hybrid system; Nucleocapsid 
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我国对虾养殖面积达到 240 多万亩，产量 22 万多吨，居世界首位。但是自 1993
年我国养殖对虾暴发全国性大规模病毒性流行病----白斑病以来，产量锐减至 4
万吨左右[1]。研究表明, 造成我国和其他沿海国家大面积暴发对虾流行病的主要
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的鞭毛状结构。两层单位膜组成的包膜构成了病毒粒子 外层，两层膜之间有较
宽阔的间隙。紧接包膜向内是大小约 350 nm × 80 nm 的核衣壳，为 15 条螺旋排
列的亚单位形成的圆柱体，螺旋与衣壳长轴垂直，螺距 30 nm，核衣壳螺旋亚单
位由 7 对籽粒构成，每个籽粒单位由 2 个边缘颗粒和 1 个中间颗粒组成，直径约














年，Wang 等[3] 收集了感染 WSSV 的斑节对虾，对病毒粒子进行了初步的分离纯
化，并提取了病毒的基因组 DNA。研究表明该病毒具有双链 DNA，至少有 22
个 Hind III 酶切位点，大小超过 150 kb。但是该方法得到的病毒 DNA 不完整，
且纯化的病毒粒子纯度低，混有对虾基因组 DNA。Lo C F 等在 Wang 等所获得
的 WSSV 基因组 DNA 片段的基础上，将无对虾基因组 DNA“污染”的病毒 DNA
用 Sal I 酶切后，克隆在质粒 pUC19 中，构建成第一个对虾白斑综合症病毒基因
组 DNA 文库[19]。1997 年，Yang F 等建立了一种快速有效提取，纯化核衣壳病
毒及其完整基因组 DNA 的方法[20]，解决了以往方法中病毒得率低的问题，突破
了以往病毒纯化分离技术的瓶颈环节。利用该方法首次获得了纯的完整病毒基因
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台湾分离株的全基因组序列，基因组大小为 292967bp[22]和 307287bp（GenBank 
Accession No. AF440570），它们之间基因组大小的差异仅在于几个小片段的插入
和一个约 12 kb 大片段的缺失[23]，而此三株病毒的基因组结构和基因序列基本上
相同。这些研究结果[24, 25]表明，来自于世界各地的 WSSV 病毒株间的遗传差异
是很小的。 近的研究发现，WSSV 基因组 DNA 上存在缺失热点，病毒在自然
















础。利用这种方法，从 10 g 的病虾组织中可以提纯约 1012 个具有感染活性的病
毒粒子。它不需要密度梯度超速离心，只需要几步普通的差速离心就可以得到大
量的病毒粒子。在电子显微镜下观察，病毒粒子包膜完整，外形呈短杆状，一端
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现在研究表明，WSSV 是一种新型的无包涵体的双链环状 DNA 杆状病毒，














[38]。总共割取了 24 条蛋白带进行质谱鉴定。结果显示有 18 条可以和 WSSV 基
因组中的开放阅读框匹配。其中包括已经鉴定的 VP28，VP26，VP24 以及胶原
蛋白，其余几条蛋白可能是虾的蛋白。2004 年，Lo C F 等[39]在结构蛋白的质谱




(1) 膜蛋白VP28[41, 48] 
膜蛋白 VP28 是病毒包膜上含量 高的一种蛋白， 早由 Van Hulten[41]从纯
化的病毒中分离并进行蛋白 N-末端测序。Zhang 等[42]通过病毒的 DNA 和 cDNA
文库，发现了 vp28 基因。进一步研究发现，VP28 应该是一种晚期基因。免疫电
镜定位显示，VP28 位于 WSSV 的表面，属于病毒的膜蛋白。蛋白序列分析表明
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